Background Coronary artery surgery improves symptoms and prognosis in patients with angina. Aerobic exercise rehabilitation improves exercise capacity and prognosis in cardiac patients. Strength exercise training has not been extensively studied.
Introduction
Coronary artery surgery improves symptoms and quality of life in patients with angina. In certain subgroups the operation can also prolong life' 1 " 31 . Exercise is of value in primary 4 " 8 ', secondary' 9 "" 1 and tertiary 1 ' 21 prevention in cardiac disease. The effects of aerobic exercise training have been extensively studied in patients with coronary artery disease, including those who have undergone coronary artery surgery 19 ""' 13 " 161 . It has been shown to improve prognosis' 9 " 12 ' 15 ' 171 and to be of benefit in increasing functional capacity' 13 ' 15 ' 17 " 2 ' 1 , reducing inducible ischaemia' 221 and in the modification of risk factors' 23 " 281 . Strength or resistive exercise training has not been subject to such extensive evaluation. A few studies have been done in patients who have undergone supervised aerobic exercise training. Group 3 (n = 27) had 6 months of graduated supervised strength exercise training. Table 1 shows their details at baseline. Their mean age was 57-4 years (SD 7-6), 56% had previous infarcts, 60% were ex-smokers and 74% were not in full-time employment. Medications were constant throughout the study. There was no history of congestive heart failure. Left ventricular ejection fraction was measured by radionuclide angiography. The patients were assessed at baseline, at 3 months and at 6 months. One patient in group 1 was lost to follow-up after 8 weeks. There were no drop-outs in group 2. Two patients in group 3 dropped out after 2 weeks because of problems with their surgical scars; another moved away after 5 weeks.
Exercise programme
The programme was devised in conjunction with the Department of Physical Therapy to include movements involving all major muscle groups in exercises that are simple to perform. The patients attended the same location three times weekly for sessions of 12-40min. They were supervised by a physician, a cardiac rehabilitation nurse and a physiotherapist. The aerobic exercises were based on the Canadian Airforce XBX physical fitness programme. Exercises performed were arm circling, arm raising, step-ups, trunk rotation, star or stride jumps, crook-lying with trunk rotation and bridging, hip abduction side lying, standing trunk curls, trunk side flexion and running on the spot. Each patient started at the same level: with 3 to 10 repetitions of each exercise. The number of repetitions was increased over time to intensify gradually the work performed. Each patient had a chart of the exercises, and number of repetitions was marked on this. After 7 to 10 days at each level, the intensity was increased according to the patient's progress and performance, as assessed jointly by the physiotherapist, the physician and the patient. Strength exercises were based on a universal Multigym system, in which weights are connected by appropriately placed pulley systems designed to allow movement of the weights in specific directions. The exercises performed were bench press, military press, biceps curl, upright row, pull down, push down, pulley row, quadriceps curl, hamstrings curl and sit-ups. Each was started with the lightest weight of 2-5 kg, in three sets of 10 repetitions with periods of rest (45 s) between each element. The weight load was increased gradually, depending on the individual's progress and symptoms. A description of all the exercises is given in Appendix A. All the sessions ended with a cool-down period of 5 min riding on a stationary bicycle. By the end of the training period each patient should have been exercising at his perceived level of exertion. There was no heart rate or other cardiovascular monitoring. Perceived exertion is an acceptable surrogate for heart rate monitoring. It was hoped that, at the end of the programme, the patients would continue unsupervised exercise in the community. To decide on the level of that exercise, it was important for them to learn to rely on their symptoms, rather than their heart rate. The intensity of exercise training was in keeping with recommendations of the American Society of Sports Medicine 1341 , and the American Heart Association 1 ' 31 .
Exercise tests
The exercise tests were done using a Marquette Case II computerized treadmill system. Full 12-lead electrocardiographs, with automatic ST segment analysis are printed every 3 min. The ST segments are measured 60 ms from the J-point, and values exceeding 01 mV are considered positive for ischaemia. Heart rate, exercise time, maximum ST segment depression, estimated workload in metabolic equivalents, percentage of target heart rate reached are also recorded. A modified Balke protocol was used (Appendix B). This protocol was chosen because it was used in the pre-surgery evaluations and most of the patients were already familiar with it. In addition, there is a gradual increase in work-load with each stage, making it a physiologically sound means of testing exercise capacity. All tests were carried out in the morning after an overnight fast. The necessary blood samples for lipoproteins and haemostatic factors were taken prior to the exercise test. Each patient had four exercise tests during the programme for the purposes of exercise test data: two at baseline (average taken as baseline performance) and one each at 3 and at 6 months. Blood pressure was measured manually at rest and 2 min into each stage. The tests were symptomlimited, unless significant hypotension (a fall in systolic blood pressure greater than 10 mmHg from the previous reading), or ventricular tachycardia occurred. The following were recorded: resting heart rate, resting systolic blood pressure, submaximal heart rate, submaximal rate-pressure product, maximum rate-pressure product, maximum heart rate, maximum treadmill time, maximum workload, maximum ST segment depression, percentage of target heart rate achieved, and heart rate at 5 min into recovery (FHR). Target heart fate is 220 minus age of patient. A recovery rate=(maximum heart rate -FHR/5) and recovery rate ratio=maximum heart rate -FHR/FHR were derived as further measures of fitness.
Clinical examination
Patients had body weight, body mass index and skin fold thickness measured. Body mass index is weight/height 2 . Skin fold thickness was measured with Harpenden calipers at four sites -biceps, triceps, scapula and abdomen. The biceps and triceps measurements were taken midway down the muscles, scapula measurement was taken halfway down its medial aspect, and the abdominal measurement was taken at the anterior superior iliac spine. The sum of the four readings was used as a measure of body fat, a well recognised means of assessing body fat in nutritional and exercise training studies 1355 .
Lipoprotein analysis
The assays were performed by technicians who were not aware of the patients' groups. Total cholesterol and triglyceride were assayed by enzymatic colorimetric tests (Boehringer Mannheim). Lipoproteins were assayed by beta-quantification. HDL subfraction 2 and 3 masses were estimated by rate zonal ultracentrifugation with ultraviolet scanning (Beckman Instruments). Apolipoprotein Al and B were measured by immunochemical assay (Orion Diagnostica).
Statistical analysis
Results were analysed on an intention-to-treat basis, using SPSS/PC + version 40 statistical data analysis program. Descriptive statistics were done, followed by tests of normality. Within-and between-group differences were assessed by analysis of variance (ANOVA) with application of Scheffe test for normal data, and Kruskal-Wallis test for non-normal data. When this was significant (/ > <005), the analysis was taken further. Paired 't'-test or Wilcoxon test was done for within-group data, and unpaired 't'-test or Mann-Whitney U test was done for between-group data. Results are expressed as the mean with 95% confidence interval.
Results
Records of the attendance and exercise work-out were kept for each patient. Group 2 attended 64% and group 3 attended 63% of their training sessions. There were no deaths or cardiac arrests during the exercise sessions.
Clinical examination
The results of weight, body mass index and skin fold thickness are shown in Table 2 . Group 1 was heavier than the other two groups (P=0-07 at baseline). Weight in groups 1 and 2 increased slightly over time, while that in group 3 was relatively stable. At 3 months, group 1 gained 1 -3 kg, group 2 gained 0-9 kg, and group 3 lost 0-3 kg. The patients were overweight since their body mass index exceeded 25. The pattern for body mass index was similar to that of body weight. At 3 months, group 1 increased body mass index by 0-4, group 2 increased by 0-3 and group 3 decreased by 01. Skin fold thickness was similar in all groups at baseline, and fell with training in group 3 alone.
Exercise performance
Common symptoms limiting the exercise tests were dyspnoea, fatigue, leg ache and chest pain. As would be expected, 94% were cured of chest pain by coronary artery surgery, with only five patients stopping the test because of this symptom. This pattern did not change during the training period. Exercise performance (Table  Table 2 3) improved in group 2 after 3 months, and was maintained at 6 months, in comparison with group 1. In group 3, improvement in exercise performance did not reach statistical significance until 6 months. The results for estimated maximum workload (Table 4 ) in metabolic equivalents (1 met = 3-5ml 0 2 min~') follow a similar pattern, but with more striking statistical differences. There were no significant differences in resting heart rate and systolic blood pressure, submaximum and maximum heart rates, maximum ST segment depression, submaximum rate-pressure product, 5-min heart rate, or percentage target heart rate between the groups. Within group 3, resting heart rate fell by 3 beats. min~', submaximum heart rate by 8 beats . min~', and submaximum rate-pressure product by 3946 beats . min~'. mmHg~'. They also achieved higher maximum rate-pressure product, recovery rate and recovery rate ratio compared to group 1 ( Table 5 ). Group 3 may therefore have become fitter than they had been prior to training. Tables 6-8 show the results of the lipid and lipoprotein analysis. The levels of total cholesterol, triglycerides and their subfractions did not alter with either mode of exercise training. There were no statistically significant differences in any of the levels at any time.
Lipids and lipoprotein levels

Discussion
This study was carried out to compare the effects of aerobic and strength exercise training in a group comprising only post-bypass patients. The results on exercise capacity and safety should help to dispel the fears surrounding strength training in cardiac patients.
The weight gain in the control group was not accompanied by an increase in skin fold thickness, while that in the aerobic group was associated with a small drop in skin fold thickness. This is usually explained in terms of a gain in muscle mass as a result of exercise training and is supported by the pattern of lower skin fold thickness in the strength group without much change in body weight. A 10 mm increase in the sum of four skin folds corresponds to a 5% increase in fatness 1351 . The changes in the strength group therefore represent, at most, a 1% reduction in fatness.
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Recovery rate ratio segment changes during exercise tests after coronary artery surgery 1 7] . In this study, there were no changes in ST segment responses after exercise training. Exercise training induces a training response comprising a resting bradycardia, reduced heart rate and rate-pressure product at submaximal exercise, increased exercise duration, increased maximum oxygen consumption and cardiac output and a shorter recovery time 11719 ' 2 ' 1 . There may also be an increase in the The exercise-trained groups in this study achieved these to a varying extent.
The results support the view that exercise training improves exercise performance. Aerobic exercise training in these patients caused early and sustained improvement in treadmill performance, while the benefits of strength exercise training were of later onset. However, there were no major differences in treadmill performance between the two types of exercise training at the end of the 6 months' training period. The improvements in exercise performance in the strength group were associated with an increased level of fitness. After 6 months, there was a 30% increase in treadmill time in the aerobic group and a 16% increase in the strength group, compared with an overall increase of only 5% in the control group.
The use of the treadmill to assess those undergoing strength training may have underestimated their achievements, as the effect of training tends to be very specific 1391 . The strength-trained group did show significant improvements in exercise capacity on the treadmill. This may partly be because their programme included leg-strengthening exercises, the repetitive nature of which could have improved their endurance. Specific tests of strength, such as the one-repetition maximum, may have shown up even greater benefits. One can expect that these improvements in exercise capacity will be translated into major gains in the performance of everyday activities, including those that involve lifting and carrying.
Studies on exercise training after coronary artery surgery
Previous studies have not addressed the effects of strength training after coronary artery surgery. The main results of this study are in keeping with studies on aerobic training in which post-bypass patients have been included. These patients are usually part of a group with coronary artery disease. Their training has ranged from 3 times a week to daily sessions of 16-60 min, and from 6 weeks to 32 months. Cardiopulmonary exercise testing was used in some studies. Post-bypass patients achieved as much as post-infarction or angina patients' l6 -4°l . Maximum oxygen uptake increased, with no change in resting heart rate or blood pressure, after 32 months of daily aerobic exercise after coronary artery surgery 14 ' 1 Ninety per cent of the total improvement in functional capacity had occurred by 4 months. In our exercisetrained groups, 67-69% of the total improvement had occurred by 3 months. Other studies of aerobic exercise training have also shown increases in maximum oxygen uptake 143 ' 44 '. In the PERFEXT study, post-bypass patients formed a third of the group and they showed the haemodynamic benefit (such as higher maximum oxygen uptake) demonstrated in the other patients' 161 . All the studies therefore show that aerobic exercise training does improve exercise capacity after coronary artery surgery, and support the results of the present study.
Studies involving strength training in cardiac patients
Strength training and resistance exercises are usually recommended in cardiac patients only after a period of aerobic training has been completed 145 ""* 71 . There are a few reports on its effects in normal subjects and cardiac patients, and most would recommend circuit weight training as was used in this study 130 " 3247 ' 481 . After 6 months of supplementary circuit training in 16 men in cardiac rehabilitation, a significant improvement in strength was observed, but there were no changes in body weight or percentage fat [311 . In our study, only the strength-trained group showed a reduction in skin fold thickness; their weight and body mass index remained relatively stable. The aerobic-trained group gained weight, as did the control group. Where direct comparisons have been made between aerobic and strength training, the physiological responses to the latter have been less alarming than anticipated' 491 . During circuit weight training, percentage VO 2 max was consistently lower than that predicted for dynamic exercise, such as running or cycling, for a given percentage of maximum heart rate. Therefore, using heart rate to prescribe the intensity of weight training exercise resulted in a lower level of aerobic metabolism than during dynamic exercise 150 '. When circuit training was compared with treadmill exercise, there was less ischaemia, lower peak heart rate and rate-pressure product, similar peak systolic pressure, but higher diastolic pressure 15 ' 1 . In that study, as in ours, reliance was placed on symptomatic status to judge the intensity of effort in the training sessions. In another study, peak heart rate and rate-pressure product were similar, but peak systolic blood pressure was higher during aerobic exercise than during circuit training. Treadmill time increased in both groups (as in this study), but upper body strength increased only in the circuit weight training group 1521 . Combined weight lifting and aerobic exercise training resulted in greater improvements in both cycle ergometer performance and one-repetition maximum than did aerobic training alone 153 '. In our patients, the 5-min ride on a bicycle was performed as a cool-down exercise by all the exercisetrained patients, and was a constant feature. The different interventions were those of strength-training using universal Multigym equipment, and aerobic-training based on the Canadian Airforce XBX physical fitness programme.
Exercise training and lipid levels
The total cholesterol and low-density lipoprotein levels were higher than is ideal for post-bypass patients, but is in keeping with previous studies from Scotland' 541 . The lack of effect of the exercise programmes may be linked to their failure to cause a full training effect. Exercise training has been found to have a variable and, at times, transient effects of lipids. In a meta-analysis of 95 trials, it was found that changes in body weight are relevant to lipoprotein levels, with subjects who lose weight showing more significant improvements in lipid levels' 271 . In postbypass patients, there were no changes in body weight, cholesterol, low-density lipoprotein or apolipoprotein B levels, triglycerides decreased and high-density lipoprotein increased after 2 months' aerobic training, but by 1 year results were no different from the control group' 281 . In some reports, improvements in lipid levels have been found to correlate best with changes in VO 2 max' 55 ' 561 , while others have shown increases in highdensity lipoprotein with exercise training without changes in diet, smoking or the achievement of a training effect' 571 . In a previous study from this institution, aerobic exercise training for 6 months in 19 men postmyocardial infarction caused favourable changes in lipoprotein levels, but there was no change in total cholesterol levels and no relationship was found between treadmill performance and lipid levels' 241 . Full cardiac rehabilitation consisting of physical fitness, psychosocial well-being and risk factor modification for 3 months resulted in a fall in total cholesterol by 0-3 mmol. 1~', but it remained high in those with initial values above 6-5 mmol. 1~ '; high and low-density lipoprotein did not change 1231 . The level of total cholesterol in our patients was about 6-5 mmol. 1 ', and was not altered by exercise training. The effects of strength training on lipids have been assessed in dyslipidaemic patients, athletes, and a few patients with coronary artery disease. Results are varied. Some show no changes in lipid levels' 58 ', but there are some reports of beneficial effects of strength training on lipid levels' 59 ' 601 .
Limitations and strengths of the study
We were unable to perform cardiopulmonary exercise testing. This would have improved the objectivity of the assessment of exercise performance. It would have helped to determine whether the significant improvements in treadmill time were secondary to increases in leg strength or improved cardiovascular responses. It is difficult to be certain of the extent to which motivation is a factor in exercise performance without measuring oxygen consumption and anaerobic threshold. Each patient served as his own control. Assuming that the patients' characters did not change during the study, the 'motivation factor' remained constant. We did not collect data on individual variation in progress with the exercise programme. Haemodynamic and cardiac monitoring were not done during training. Some may consider this to be an important omission, but no adverse events were recorded during training. It was not possible to determine accurately the intensity of exercise training without measures of haemodynamic responses. Assessments of upper or lower limb strength, e.g. using one repetition maximum, were not included in the protocol when the study was devised. We were therefore unable to determine whether any of the groups had increases in muscle strength after training.
The groups comprised only post-bypass patients, randomized to different interventions, and there was a control group. Although no formal dietary or risk factor modification was done, such advice was available to all patients and would have been the same. The sessions and studies were supervised by the same personnel throughout the programme.
Conclusions
Aerobic and strength exercise training result in significant improvements in treadmill exercise performance after coronary artery surgery. Exercise training alone did not cause clinically significant changes in lipoprotein levels, body weight or percentage body fat. Cardiac rehabilitation programmes should probably include advice in dietary and risk factor modifications, and psychosocial support in addition to aerobic and strength exercise training.
